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Claims 

[ci] l.A modular Digital Locked Loop (DLL) architecture for 
generating a plurality of multiple phase clock signals 
comprising: 

a single core frequency lock circuit comprising a delay 
element, a phase compare circuit, and a delay control 
circuit, for locking the single core frequency lock circuit 
to an external reference clock; 

a plurality of secondary phase lock circuits, each receiv- 
ing an output from the single core frequency lock circuit, 
for synchronizing a plurality of internal clock signals to 
one of a plurality of selected phases of the external ref- 
erence clock 

[c2] 2.The DDL architecture of claim 1, for synchronization of 
an embedded DRAM system on a chip with on chip tim- 
ing. 

[c3] B.The DLL architecture of claim 1, wherein the single 

core frequency lock circuit generates a plurality of inter- 
nal clocks from, and synchronized relative to, the exter- 
nal reference clock. 

[c4] 4.The DLL architecture of claim 3, wherein the single 



core frequency lock circuit generates the plurality of in- 
ternal clocks having the same frequency as the external 
reference clock and which are phase displaced relative to 
each other. 

[c5] S.The DLL architecture of claim 4, wherein the plurality 
of internal clocks have a phase shift incrementally 
spaced by 360°/n where n is the number of the plurality 
of internal clocks. 

[c6] 6.The DLL architecture of claim 3, wherein each of the 
plurality of secondary phase lock circuits has inputs of 
the plurality of internal clocks and the external reference 
clock signal, and each secondary phase lock circuit pro- 
duces a clock select digital code for selecting a particular 
one of the generated plurality of internal clocks. 

[c7] 7.The DLL architecture of claim 6, wherein the clock se- 
lect digital code is as input to a steering logic circuit sig- 
nal for providing the selected particular one of the gen- 
erated plurality of internal clocks. 

[c8] 8. The DLL architecture of claim 3, wherein each sec- 
ondary phase lock circuit includes a phase lock which 
selects a particular one of the generated plurality of in- 
ternal clocks and passes it as a first input to a first port 
of a latch, the latch also receives the external reference 



clock as a second input at a clock port of the latch, and 
uses the first and second inputs to produce an input to 
control the phase lock. 

[c9] 9.The DLL architecture of claim 8, wherein each sec- 
ondary phase lock circuit counts in incremental steps, 
and at each step, a rising edge of the external reference 
clock at the clock port of the latch causes the latch to 
sample the first port, and this operation continues until a 
rising edge of the clock at the first port of the latch 
passes the rising edge of the external reference clock, 
and the count then hovers about a count at which the 
two rising edges are closely coincident. 

[ciO] lO.The DLL architecture of claim 9, wherein when the 
rising edge of the clock at the first port of the latch 
passes the rising edge of the external reference clock, 
the count is incrementally reduced, and the count then 
hovers about the count at which the two rising edges are 
closely coincident. 

[cii] Il.The DLL architecture of claim 9, wherein the count 
controls a multiplexer to select and pass one of the plu- 
rality of generated internal clocks as an output of the 
secondary phase lock circuit. 

[ci2] 12. The DLL architecture of claim 9, wherein, in at least 



one secondary phase lock loop, the count is passed as a 
digital output to an adder which adds to the count a dig- 
ital value representative of a phase increment or offset of 
the external reference clock. 

[ci3] l3.The DLL architecture of claim 9, wherein at least one 
secondary phase lock loop includes a mimic circuit which 
inserts a fixed time delay, introduced by the mimic cir- 
cuit, into the phase lock loop. 

[ci4] 14.A method of generating a plurality of multiple phase 
clock signals in a modular Digital Locked Loop (DLL) ar- 
chitecture, comprising: 

locking a single core frequency lock circuit, comprising a 
delay element, a phase compare circuit and a delay con- 
trol circuit, to an external reference clock; 
synchronizing a plurality of internal clock signals to one 
of a plurality of selected phases of the external reference 
clock by a plurality of secondary phase lock circuits, each 
receiving an output from the single core frequency lock 
circuit. 

[ci5] iS.The method of claim 14, including synchronizing an 
embedded DRAM system on a chip with on chip timing. 

[ci6] l6.The method of claim 14, including generating a plu- 
rality of internal clocks from, and synchronized relative 



to, the external reference clock by the single core fre- 
quency lock circuit. 

[cl7] l7.The method of claim 16, including generating the 

plurality of internal clocks having the same frequency as 
the external reference clock and which are phase dis- 
placed relative to each other by the single core frequency 
lock circuit. 

[ci8] iS.The method of claim 17, including generating the 
plurality of internal clocks with a phase shift incremen- 
tally spaced by 360°/n where n is the number of the plu- 
rality of internal clocks. 

[ci9] 19.The method of claim 16, including producing a clock 
select digital code for selecting a particular one of the 
generated plurality of internal clocks by each of the plu- 
rality of secondary phase lock circuits, each having in- 
puts of the plurality of internal clocks and the external 
reference clock signal. 

[c20] 20.The method of claim 19, including each of the sec- 
ondary phase lock circuits inputting the clock select dig- 
ital code to a steering logic circuit signal for providing 
the selected particular one of the generated plurality of 
internal clocks. 

[c2i] 21. The method of claim 16, including each of the sec- 



ondary phase lock circuits selecting a particular one of 
the generated plurality of internal clocks and passing it 
as a first input to a first port of a latch by a phase lock, 
the latch also receiving the external reference clock as a 
second input at a clock port of the latch, and using the 
first and second inputs to produce an input to control 
the phase lock. 

[c22] 22.The method of claim 21, including each of the sec- 
ondary phase lock circuits counting in incremental steps, 
and at each step, a rising edge of the external reference 
clock at the clock port of the latch causing the latch to 
sample the first port, and continuing this operation until 
a rising edge of the clock at the first port of the latch 
passes a rising edge of the external reference clock, and 
then hovering the count about a count at which the two 
rising edges are closely coincident. 

[c23] 23.The method of claim 22, wherein when the rising 

edge of the clock at the first port of the latch passes the 
rising edge of the external reference clock, incrementally 
reducing the count, and hovering the count about a 
count at which the two rising edges are closely coinci- 
dent. 

[c24] 24.The method of claim 22, including the controlling a 
multiplexer with the count to select and pass one of the 



plurality of generated internal clocks as an output of the 
secondary phase lock circuit. 

[c25] 25.The method of claim 22, further comprising, in at 
least one secondary phase lock loop, passing the count 
as a digital output to an adder which adds to the count a 
digital value representative of a phase increment or off- 
set of the external reference clock. 

[c26] 26.The method of claim 22, further comprising, in at 
least one secondary phase lock loop, including a mimic 
circuit which inserts a fixed time delay, introduced by 
the mimic circuit, into the phase lock loop. 



